Tipula iridescent virus and Sericesthis iridescent virus were found to be serologically related by complement-fixation, tube-precipitation and agar-gel diffusion tests. They were unrelated to mosquito iridescent virus when compared by complement fixation. The Tipula virus isolated from Pieris brassicae (L.), Porthetria dispar (L.) and Galleria mellonella (L.) larvae behaved identically in the system tested and were related to, but distinct from Tipula virus particles isolated from Tipula paludosa Meigen larvae. It is suggested that host antigens are incorporated in the Tipula virus particle. i J. Virol. 3 Downloaded from www.microbiologyresearch.org by
INTRODUCTION
Tipula virus was first described in England by Xeros (I954). Smith and his coworkers in cross-infection studies obtained experimental infections in 7 species of Diptera, I2 species of Lepidoptera and 3 species of Coleoptera, identifying the virus by the then unique optical characteristics of this virus (Smith, Hills & Rivers, I96I ) . Unpublished results of serological tests by R. H. Stobbart were quoted by Smith et al. (196~) as follows: 'To all intents and purposes, the TIV preparations from four different insects, Tipula paludosa, Pieris brassicae, Lymantria dispar and Nymphalis io, are practically identical.' Stobbart used double diffusion in agar gel with alkali treated samples of Tipula virus and tube precipitation tests with intact virus particles. Oliveira & Ponsen (t966) using a micro-precipitation test reported that Tipula virus preparations from T. paludosa and P. brassicae were serologically identical.
Since I96I, several other iridescent non-occluded viruses have been recorded from insect larvae. Sericesthis iridescent virus was isolated in Australia from the Scarabaeid beetle Sericesthis pruinosa (Dalman) (Steinhaus & Leutenegger, I963), an iridescent virus was isolated in the U.S.A. from the mosquito Aedes taeniorhynchus (Wiedmann) (Clark, Kellen & Lure, I965) and an iridescent virus was isolated in Japan from the moth Chilo suppressalis (Walker) (Fukaya & Nasu, I966) . The mosquito virus has since been recorded in the U.S.A. from A. fulvus pallens (Ross), A. vexans (Meigen) and Psorophoraferox (Humboldt) (Chapman et al. I966) . A similar iridescent virus was recorded in Czechoslovakia from A. annulipes (Meigen) and A. eantans (Meigen) (Weiser, i965).
It is possible that occult viruses were activated in the transmission studies described by Smith et al. (196 0 . In a detailed comparative study of Tipula and Sericesthis viruses, Day & Mercer (I964) prepared an antiserum to Sericesthis virus and obtained an antiserum to Tipula virus from Stobbart. The viruses were degraded with alkali at pH lO. 5 before serological comparison by double diffusion tests in agar gel Intact particles of Tipula and Sericesthis viruses will not diffuse in agar gels because of their high density, having a sedimentation coefficient $20 of 22ooS. Tipula virus gave three lines of precipitation against its homologous antiserum, and one line against Sericesthis virus antiserum. Sericesthis virus gave three lines of precipitation with its homologous antiserum, and two lines against Tipula virus antiserum. The Tipula and Sericesthis antigens were, unfortunately, not placed in adjacent wells so it was not possible to establish whether any of the lines were common to both antigens. Chilo virus was found to be serologically unrelated to Tipula and Sericesthis viruses (unpublished data, cited by Fukaya & Nasu, I966), but no details were given of the techniques employed.
No reference could be found in the literature to the serological properties of intact Purification of viruses. Dead larvae which had been stored in water at 4 ° were ground in a mortar and the virus partially purified by cycles of high-and low-speed centrifugation. Further purification was accomplished by sucrose density centrifugation using a gradient of 5 ~ to 35 ~o saturated sucrose. This was centrifuged at IO,OOO g for 3o min. The virus band was removed by piercing the tube, the virus preparation was washed twice in distilled water and the pellet resuspended in physiological saline.
Immunization procedure. Rabbits were immunized with Tipula virus from Pieris brassicae, Sericesthis virus from P. brassicae and mosquito virus from Aedes taeniorhynchus. The inocula and test antigens were all selected from previously purified preparations stored at 4 °. The animals were given a total of 2 mg. virus, divided between three inoculations at weekly intervals over 3 weeks. The first two injections were administered subcutaneously and the virus was incorporated in Freund's complete adjuvant. The third injection was given intravenously. The rabbits were bled 2 weeks after the final injection and then at weekly intervals over a period of 4 weeks.
A guinea pig was used to prepare an antiserum to Tipula virus from Tipulapaludosa. 
I. A serological comparison of Tipula, Sericesthis and mosquito viruses by the complement-fixation test
Reciprocal antisera dilutions A range of dilutions of each antigen was titrated against its homologous antiserum and the optimal dilution of antigen determined. This dilution was used in all comparative tests and was found to be 2 5/zg. virus/ml. The usual immune serum, normal rabbit serum and antigen controls were included. The precipitation tests were performed in tubes 6 x o.6 cm.; o.2 ml. of antigen at a concentration of o-I mg./ml, and 0.2 ml. of antiserum were added to each tube, together with suitable controls. The tubes were incubated at 5o ° and the tests read at ½ hr intervals. The water bath was switched off after 4 hr and the test read again the following morning.
In the gel-diffusion tests, i 70 Ionagar No. 2 (Oxoid Ltd) in physiological saline with o'5 70 sodium azide and o.ooi ~ trypan blue was used. To dissolve the virus particles, 5 mg. of virus were added to 1 ml. of o'I N-NaOH and left for 2 hr. The tests were read after 4 days and the lines of precipitation recorded by drawings. Three replicates of each test were made and comparable results were obtained.
RESULTS
When Tipula virus from Pieris brassicae, Sericesthis virus from P. brassicae and mosquito virus from Aedes taeniorhynchus were compared against their respective antisera by the complement-fixation test, the Tipula and Sericesthis viruses were found to be closely related to each other and completely unrelated to mosquito virus (Table I) .
Samples of mosquito virus from Aedes taeniorhynchus from Florida and from Louisiana behaved identically. All controls gave negative results.
When the Tipula and Sericesthis viruses were compared by the tube-precipitation test, they were again found to be closely related but not identical.
In the gel-diffusion tests, Tipula virus gave four lines of precipitation with its homologous antiserum, and Sericesthis virus gave two lines of precipitation with Tipula antiserum. One of the lines was common to both antigens. Sericesthis virus gave three lines of precipitation with its homologous antiserum and Tipula virus gave one line of precipitation against Sericesthis antiserum. This Tipula virus line crossed over the Sericesthis lines (Fig. I) .
When Tipula virus from Pieris brassicae, Porthetria dispar, Galleria mellonella and Tipulapaludosa were compared using the antiserum to Tipula virus from P. brassicae the virus preparations from the 3 lepidopterous species were indistinguishable but slightly different from the Tipula virus from its original dipterous host, 1". paludosa (Table 2) . Although closely related, there was a distinct difference between these samples of Tipula virus grown in different hosts, and this prompted the preparation of an antiserum to Tipula virus from T. paludosa to ascertain if this difference was reciprocal. When Tipula virus from P. brassicae, P. dispar, G. mellonella and T. paludosa were tested against this antiserum, the antigenic difference between these samples was confirmed ( Table 3) genetic strains of the virus had been selected that multiplied preferentially in the different host series. However, it is also conceivable that host antigens were incorporated in the virus particles during synthesis. Table I .
DISCUSSION
Tipula and Sericesthis viruses are morphologically similar having a particle size about 13oo ~, but are serologically distinct when isolated from the same host, Pieris brassicae. The results of the gel-diffusion tests with alkali-treated viruses are in agreement with those of Day & Mercer (1964) . Both are DNA viruses, but no reference can be found to the nucleic acid type of the mosquito virus which has a particle size of 18oo A. Chilo virus has a particle size of 16oo ~ and is unrelated to the Tipula and Sericesthis viruses (Fukaya & Nasu, 1966) , but its relationship to the mosquito virus is unknown.
Steinhaus & Leutenegger (1963) remarked on the similarities in morphology and symptomatology of Sericesthis virus isolated from coleopterous larvae in Australia and Tipula virus from dipterous larvae in Britain. They suggested that if these viruses were shown to be related then questions of phylogenetic and epidemiological interest would be posed. Day & Mercer (1964) reported that Tipula and Sericesthis iridescent viruses were serologically related. Our results confirm these findings and it is probable that they are strains of the same virus. However, both Sericesthis pruinosa and Tipula paludosa are soil-inhabiting insects and if it could be established that iridescent viruses attacked species of Tipulidae in Australia, then the present geographical separation of the Tipula and Sericesthis viruses would not be so remarkable.
It was interesting to find that the Tipula virus isolated from a variety of hosts was antigenically different. We suggest that it is possible that host antigens are incorporated in the protein structure of the Tipula virus particle. Pieris brassicae, Galleria mellonella and Porthetria dispar are members of the Lepidoptera and presumably share some common antigens that could influence the antigenic structure of the infecting virus. On the other hand T. paludosa is in the Diptera and as such is taxonomically very distant from the Lepidoptera. Therefore, in our experiments the difference in serological relationships between the four virus isolates could simply reflect the taxonomic position of the host. Evidence to support this idea of host antigen incorporation has been supplied by Bellet & Mercer (I964) , who reported that when Sericesthis virus was maintained in tissue culture cells, the mature particles left the cell by a budding off process and were surrounded by a membrane of host cell wall material. It is clear that only those particles which had actually left the cell would be so affected, and it follows that a purified virus preparation would contain both normal and host-contaminated particles. Therefore, when Tipula and Sericesthis viruses were maintained in the same host, e.g.P, brassicae, the apparent difference in antigenicity could be determined by the normal particles. Our results differ from those of Oliveira & Ponsen (I966), who reported that Tipula virus from T. paludosa and P. brassicae were serologically identical by a micro-precipitation test. This suggests that the serology of iridescent nonoccluded insect viruses must be approached with care, and it is uncertain if complementfixation and tube-precipitation tests with intact particles offer reliable criteria for determining relationships, immunodiffusion tests in agar gel using virus proteins dissolved in alkali would presumably reduce the risk of spurious evidence of relationships produced by host antigens. It would also seem desirable to prepare antisera to the virus protein isolated by dissolution and precipitation, and not to the intact particles. The apparent lack of relationship between the Tipula and Sericesthis viruses and those from mosquitos and Chilo suppressalis suggests that there may well be several distinct viruses in this group of iridescent non-occluded insect viruses.
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